A Gram-staining-negative, aerobic, rod-shaped bacterial strain, designated LPB0090
The genus Thalassotalea is a member of the family Colwelliaceae in the class Gammaproteobacteria. This genus was proposed by Zhang et al. [1] with the reclassification of Thalassomonas. Members of the genus are Gram-negative, catalase-and oxidase-positive, aerobic, and chemo-organotrophic rods. The predominant ubiquinone is Q-8 and major polar lipids are phosphatidylglycerol and phosphatidylethanolamine. The major fatty acids are C 16 : 0 , C 17 : 1 !8c and summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c). The DNA G+C content is 37-45 mol%. The genus Thalassotalea currently comprises 11 species with validly published names: Thalassotalea agariperforans [1, 2] , Thalassotalea agarivorans [1, 3] , Thalassotalea euphylliae [4] , Thalassotalea eurytherma [5, 6] , Thalassotalea fusca [7, 8] , Thalassotalea ganghwensis [1, 9] , Thalassotalea loyana [1, 10] , Thalassotalea montiporae [11] , Thalassotalea piscium [1] , Thalassotalea ponticola [8] and Thalassotalea marina [5] . All the known species of the genus Thalassotalea have been isolated from marine habitats. In our survey on culturable bacterial diversity on marine invertebrates, a Thalassotalea-like bacterial strain, LPB0090 T , was isolated from a marine animal. The aim of the present study was to determine the exact taxonomic position of LPB0090 T using polyphasic taxonomic analysis. The complete genome sequence of the isolate has also been determined in the study.
The strain LPB0090
T was isolated from the pacific oyster (Crassostrea gigas) procured from Yeongheung Island, Korea (37 15¢ 16.1 † N; 126 29¢ 46.5 † E), using a standard dilution plating method on Marine agar 2216 medium (MA; BD). The isolate was routinely cultured on MA medium and was preserved as a glycerol stock in 20 % glycerol (w/v in distilled water) at À80 C. The type strains of T. ponticola KCTC 42155 T and T. ganghwensis DSMZ 15355 T were used as reference strains during the study and were evaluated together under experimental conditions identical to those for LPB0090
T .
The 16S rRNA gene was obtained by PCR amplification from a single colony. Primer sequences (27F, 518F, 907R and 1492R), PCR conditions, and the sequencing protocol has been described previously [12] . The preliminary sequence analysis using the archived 16S rRNA gene sequences in the EzTaxon-e database [13] indicated that the LPB0090 T exhibited close similarity to the members of the genus Thalassotalea. The gene sequence (1464 bp) determined from the strain was, therefore, aligned manually against the known sequences of species of the genus Thalassotalea using EzEditor [14] . neighbour-joining and maximum-likelihood trees were inferred with MEGA6.0 [15] . The Jukes-Cantor distance model with uniform rates was used for the neighbour-joining tree and the General Time Reversible (GTR) model with gamma-distributed invariant sites rate was used for the maximum-likelihood tree. The resultant tree topologies were evaluated by bootstrap analyses based on 1000 replicates. Bayesian inference was performed with MrBayes 3.2 [16] with an evolutionary GTR model with gamma-distributed rate variation. The program was run for 10 000 000 generations with a sample frequency of 1000 and a burn-in of 1 000 000.
LPB0090
T exhibited 94.7-96.0 % sequence similarity to the previously known species of the genus Thalassotalea. The highest similarity (96.0 %) was observed with T. marina and T. ponticola, followed by T. ganghwensis (95.8 %), T. piscium T with species of the genus Thalassotalea (Fig. 1) . The strain formed a monophyletic clade with T. ponticola in all trees tested in the study. The rigidity of the clade, however, was not supported by bootstrap values. The results of 16S rRNA gene sequence analyses demonstrated that LPB0090
T does not belong to any of the known bacterial species and that its closest neighbour species is T. ponticola.
Genomic DNA was isolated from LPB0090
T , followed by nucleotide sequencing using the PacBio RSII system (Pacific Biosciences). The sequence was assembled using PacBio SMRT Analysis v2.3.0 (Pacific Biosciences) and the annotation was processed using the NCBI Prokaryotic Genome Annotation Pipeline. The genome sequence of the strain was 3 861 670 bp long carried on a single circular chromosome. The DNA G+C content of the strain was 38.8 mol% which was in the range (37.0-45.1 mol%) reported for strains of species of the genus Thalassotalea. A total of 3354 genes were identified, of which 3245 were protein-coding genes and 95 were RNA genes (19 rRNA genes, 72 tRNA genes, and 4 ncRNA genes). The genome encoded six copies of the rRNA operon. Intragenomic heterogeneity among the six copies of 16S rRNA gene was also observed. The copy number variation within the genome copies was between 0 and 0.26 %. Variation was observed only at four positions (nucleotides 257, 269, 1134 and 1141 position of the 1549 bp), the details of which are summarized in Table S1 (available in the online Supplementary Material).
Colonies of LPB0090
T on MA medium after 2 days incubation at 25 C were circular, convex with entire margins, translucent and had a white-yellowish colour. The colonies were approximately 1-2 mm in diameter after 1 day of incubation, and reached the maximum diameter of 4 mm after 5 days of incubation. Transmission electron microscopic analysis revealed that the cells are rod-shaped, having dimensions of 2.2-2.6 µm length and 0.3-0.6 µm width (Fig. S1 ).
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Colwellia aquaemaris S1 T (JQ948043) Culturability of the strain was tested on different media, including MA, trypticase soy agar (TSA; BD), R2A agar (R2A; BD), and nutrient agar (NA; BD) for up to 30 days at 25 C. The habitable range of temperature (4, 10, 15, 20, 25, 30, 35, 40 and 45 C) and NaCl concentration (0-20 % with 1 % increments) was determined by culturing the strain on MA. The ambient pH range (between pH 4.5 and 10.5, with 0.5 pH-unit increments) was determined using Marine broth 2216 (BD), adjusted with the following buffering systems: citric acid/sodium citrate buffer (pH 4.5-5.5), KH 2 PO 4 /K 2 HPO 4 (pH 6.0-8.5), or NaHCO 3 /Na 2 CO 3 (pH 9.0-10.5). The oxygen requirement for growth of the strain was tested using AnaeroPack-Anaero and AnaeroPackMicroAero (Mitsubishi Gas Chemicals) for up to 21 days.
All the standard physiological and biochemical tests were performed as described previously [12] . All the chemical reagents used were procured from Sigma Aldrich Chemicals, unless stated otherwise. Hydrolysis of high-molecular-weight compounds, such as adenine (0.5 %,), alginic acids (0.5 %), carboxymethyl cellulose (0.5 %), casein (5 % skimmed milk, BD), chitin (0.5 %), hypoxanthine (0.5 %), pectin (0.5 %), starch [0.2 % soluble starch (BD)], L-tyrosine (0.5 %), Tween 20 (1 %), Tween 40 (1 %), Tween 60 (1 %), Tween 80 (1 %) and xanthine (0.4 %) was performed under culture conditions for one month using MA as the basal medium. DNase was examined using DNase test agar (BD). Other enzymatic activities were determined using the API 20NE, API 20E and API ZYM kits (bioM erieux). The API kits were inoculated with a heavy bacterial suspension in 2.0 % NaCl, followed by incubation at 25 C (for strain LPB0090 T and T. ponticola) or 30 C (for T. ganghwensis). The data were recorded for up to two consecutive days. The results of the biochemical and physiological tests are presented in the species description and in Table 1 .
For fatty acid and isoprenoid quinone analyses, LPB0090 T and T. ponticola were incubated on MA at 25 C for 2 days, while T. ganghwensis was incubated at 30 C. The Instant FAME method of the Microbial Identification System (MIDI) version 6.1 and the RTSBA6 6.10 database were used for the extraction of fatty acid methyl esters and their separation by gas chromatography (Table S2 ). The predominant fatty acids detected in the isolate were C 16 : 0 (22.7 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (17.3 %), and C 17 : 1 !8c (15.4 %). The overall fatty acid profile of LPB0090 T was within the general range of members of the genus Thalassotalea, but distinguished from those of the closely related type strains. The fatty acids profiles of LPB0090 T and T. ponticola were distinguished by the levels of of C 10 : 0 , iso-C 12 : 0 3-OH, C 14 : 0 , iso-C 16 : 0 , C 17 : 1 !8c and summed feature 8. LPB0090
T showed a similar fatty acid profile to T. ganghwensis, but was differentiated from T. ganghwensis by the higher amount of C 16 : 0 .
Isoprenoid quinones was harvested from the freeze-dried biomass [17] . After purification by preparative TLC (silica gel F 254; Merck), ubiquinone was identified using HPLC (Waters) and a reverse-phase column (Spherisorb ODS-2 80; Waters) as described previously [18] . Ubiquinone-8 (Q-8) was detected as the major isoprenoid quinone, which is the same as for all the other species of the genus Thalassotalea.
Since LPB0090
T exhibited low 16S rRNA gene sequence similarity with other species of the genus Thalassotalea (94.7-96.0 %), we propose that we have identified a novel genomic species of the genus [19] , though unstable phyletic grouping with T. ponticola was observed in the phylogenetic tree. A number of phenotypic differences in the enzymatic reactions, DNA G+C content and in the fatty acid profiles clearly differentiated the isolate from other closely related species of the genus Thalassotalea. The polyphasic data . All strains were positive for the following characteristics: activities of catalase, oxidase, alkaline phosphatase, esterase (C4) and leucine arylamidase; decomposition of L-tyrosine, Tween 20, Tween 40, Tween 60 and Tween 80; reduction of nitrate to nitrite. All strains were negative for the following characteristics: production of H 2 S and indole; decomposition of adenine, alginic acids, carboxymethyl cellulose, chitin, pectin, hypoxanthine and xanthine; glucose fermentation; utilization of citrate; utilization of single carbon sources in the API 20NE gallery; production of acids from carbon sources in the API 20E gallery; activities of urease, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, agalactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase or a-fucosidase. +, Positive; À, negative.
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obtained in this study indicate that the test strain merits a novel species status within the genus Thalassotalea. The name Thalassotalea crassostreae sp. nov. is therefore proposed for the isolate, and the strain LPB0090 T is considered the type strain for this species.
DESCRIPTION OF THALASSOTALEA CRASSOSTREAE SP. NOV.
Thalassotalea crassostreae (crass.os¢tre.ae. N.L. gen. n. crassostreae of Crassostrea gigas, named after the generic name of the oyster from which the type strain was isolated). 
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